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In  a phased  Blssion*  the  functional  organization 
of  the  systea  changes  during  consecutive  tine  periods, 
which  introduces  analysis  coaplezities  not  present 
with  just  a single  phase.  This  occurs  since  the 
perforeance  of  a particular  coaponent  in  one  phase  of 
the  elssion  is  not  independent  of  its  perforeance  in 
another  phase.  In  this  paper,  an  ezaeple  is  analyzed, 
largely  with  graphical  techniques  and  diagraes,  so  as 
to  avoid  the  coaplicated  aatheeatics  which 
characterize  such  of  the  existing  aethodology. 


ITIt 

isr 

HH'llCDliCCP 

JiBrifiurioi. 


VUItt  SKtlw 
l«ff  Srctlt* 


D D C 

FEB  22  1978 


ClfTJiJlfTHii/nKruijUIfY  ijgQQ 


*yjiL  Mt  w vtel/u 


I.  IMTBODOCTIQI 


In  a phased  aisaion,  the  functional  organisation  of  the 
>7«teB  changes  during  consecutite  tine  periods.  Soae 
exaaples  of  systeaa  which  are  regoired  to  perfora  a phased 
■ission  are  space  vehicles,  public  safety  systeas,  'and 
allltary  weapons  systeas.  Reliability  analysis  for  a phased 
aission  eacounters  coaplezities  not  present  with  just  a 
single  phase,  since  the  perforaance  of  a particular 
coaponent  in  one  phase  of  a aission  is  not  necessarily 
independent  of  its  perforaance  in  another  phase.  In  a 
recent  paper.  Bell  [4975]  aodified  and  extended  existing 
aethods  for  the  aaalysls  of  phased  aissioas,  so  as  to 
include  an  operational  readiness  (Ol)  phase,  during  which 
the  systea  functions  solely  to  aaintain  its  readiness  for 
later  phases  of  active  operation.  The  results  were  then 
extended  to  systeas  which  perfora  coaplex  aultl-objective 
aissioas.  This  type  of  aodel  is  particularly  applicable  to 
strategic  weapons  systeas. 

The  work  in  this  paper  follows  very  closely  the  work  of 
Bell  [1975].  An  exasple  is  analyzed,  largely  with  graphical 
technigues  and  dia grass,  so  as  to  avoid  the  coaplicated 
aatheaatics  which  were  reguired  in  the  developaent  of  the 
aethodology  of  phased  aission  reliability  analysis. 
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II.  XU  5UI  USISfl 


A hypothetical  subaaclne- launched  ballistic  aissile 
systea  (SLBH) « which  was  aotiwated  by  the  Navy's  Fleet 
Ballistic  Bissile  systea,  was  introduced  by  Bell  [ 1975]. 
That  hypothetical  systea  is  extended  in  this  exaaple  to 
include  three  aissiles,  each  of  which  has  a different 
objective. 

The  SLBN  systea  consists  of  the  following  coaponents: 

■ the  subaarine  (S)  which  provides  propulsion, 
stability,  power,  aad  household  services. 

■ the  Inertial  navigation  subsystea  (M)  which 
provides  Inforaatlon  on  plat fora  position  and  orientation. 

■ the  coaaualcation  subsystea  (C)  which  provides 
the  link  between  the  subaarine  and  its  coaaand  center. 

■ the  fire  control  subsystea  (PC)  which  provides 
trajectory  inforaatlon  to  each  aissile  guidance  coaputer. 

■ the- ejection  snbsysteas  (B1,B2,B3),  one  for  each 
aissile,  which  launch  the  alsslles  froa  the  subaarine  while 
the  latter  is  subaerged. 

■ the  guidance  coaponent  of  each  aissile  (61,62,63) 
which  coapntee  and  transaits  to  the  cocket  engines  the 
control  coaaands  required  to  aaintain  the  trajectory  stored 
within  its  aeaory,  aqd  triggers  stage  separation. 

■ two  internal  power  sources  for  each  aissile  (VP1 
and  TS1,  fP2  and  782,  TP3  and  TS3) . 

■ the  first-  and  second-stage  rocket  engines  of 
each  aissile  (BF1  and  BS1,  IP2  and  BS2,  Bf3  and  BS3). 

■ two  first-stage  igniters  for  each  aissile  (IPI 
and  IS1,  IP2  and  1S2,  IP3  aad  IS3) . 

■ the  second-stage  igniter  of  each  aissile  (J1,  J2, 


J3)  . 

■ th«  «ach«»d  of  each  alssile  (V1»  W2,  HJ) . 

Th«  SLBH  systea  has  an  operational  readiness  (OB)  phase, 
followed  by  five  active  phases  for  each  objective.  The 
operational  characteristics  of  the  systes  can  be  soaaarlzed 
as  follows: 

• During  the  OR  phase  the  subaarlne  patrols  Its 
assigned  area,  aalntalnlng  current  position  Inforaatlon  with 
the  Inertial  navigation  subsysten.  Should  the  Inertial 
eonponent  fall,  then  position  Inforaatlon  can  be  obtained 
periodically  fron  a navigation  satellite,  which  provides  the 
data  necessary  for  calibration  after  repairs  are  coapleted. 
The  connunlcatlon  subsysten  Is  used  continually  during  this 
phase  for  routine  ship-shore  nessage  traffic.  The  fire 
control  subsisten  Is  exercised  periodically  during  the  OR 
phase  to  aonltor  Its  status,  slallarly,  the  perfornance  of 
the  nlsslle  power  sources  and  guidance  coaponents  are 
checked  through  routine  tests.  All  conponents  which  are 
nonltored  can  be  repaired  or  replaced  If  found  to  be  failed 
during  the  OR  phase.  Other  failures  go  undetected.  In 
order  for  the  systen  to  be  ready  to  connence  active 
operations.  It  nust  have  subaarlne  services  and  current 
navigation  Inforaatlon  available,  and  It  nust  be  able  to 
receive  the  launch  coaaand  via  the  connunlcatlon  subsysten. 

■ The  fire  control  phase  for  the  first  objective 
coaaencea  when  a launjch  coaaand  Is  received.  All  nalntenance 
actions  cease,  and  launch  preparations  connence.  The  fire 
control  subsysten  transnits  trajectory  data  to  the  guidance 
eonponent  of  the  first  nlsslle,  and  the  subaarlne  Is 
positioned  for  launch.  The  fire  control  phases  for 
sttbseguent  objectives  proceed  In  succession. 

■ During  the  launch  phase  for  each  nlsslle,  the 
subaarlne  Is  held  stable  while  the  nlsslle  Is  ejected, 
severing  Its  link  with  the  platfora  and  causing  It  to  switch 
to  Internal  power.  The  power  sources,  although  activated. 
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ac«  not  reqalrod  to  sapply  powor  daring  this  phase. 

■ The  booster  phase  starts  shen  the  first-stage 
engine  ignites.  This  occars  as  each  nissile  breaks  through 
the  surface  of  the  water.  The  nissile  is  then  boosted  along 
its  trajectory.  The  port  igniter  can  be  powered  only  by  the 
port  power  soarce»  and  the  starboard  Igniter  only  by  the 
starboard  power  source,  but  one  igniter  is  sufficient  to 
fire  the  engine.  The  guidance  coaponent,  which  can  take 
power  froa  either  source,  oust  function  throughout  the 
phase. 

■ Oaring  the  flight  phase,  the  second-stage 
igniter,  second-stage  engine,  guidance  coaponent,  and  at 
least  one  power  source  nust  function. 

■ Shutdown  of  the  second-stage  engine  aarks  the 
beginning  of  the  terninal  phase  daring  which  the  warhead 
follows  a ballistic  trajectory  to  its  target. 


III.  PRQBLBH  ilALISlS 


There  are  two  goals  in  this  exasple.  The  first  is  to 
detersine  the  reliability  of  the  SLBH  systen  with  respect  to 
each  particalar  objective,  that  is,  the  probability  that 
each  target  is  destroyed.  The  second  goal  is  to  analyze  the 
overall  success  of  the  total  nission. 


i.  PHiSB  SBQOEMCB  DIAGBAH 

As  a tool  in  the  analysis  of  this  ezanple,  the  phase 
sequence  diagran  'is  used.  For  the  SLBH  systen,  the  phase 
sequence  diagran  is  shown  in  Fig  1.  It  graphically  depicts 
the  organizational  sequence  and  nunbering  of  phases.  Bach 
phase  is  nusbered  with  two  digits.  For  ezanple,  the  launch 
phase  of  the  first  sissile,  which  has  objective  1,  and  is 
active  phase  2,  is  nusbered  phase  12.  Following  phase  12, 
the  phase  sequence  continues  sisultaneously  up  the  first 
branch  for  objective  1,  and  along  the  trunk  for  successive 
objectives. 

B.  PHASE  BLOCK  DIAGRAMS 


The  functional  organization  of  cosponents  within  each 
phase  of  the  sission  is  graphically  represented  by  a block 
diagran.  For  each  phase,  the  block  diagrass  which 
correspond  to  the  description  of  the  operational 
characteristics  of  thre  SLBH  systen  are  shown  in  Fiq.  2. 
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Figure  2 - PHASE  BLOCK  DIAGRAMS 


1.  £]ii 


It  is  desireable*  at  this  point,  to  siaplify  the 
block  dlagraas  by  a procedure,  suggested  by  Rubin  [ 1964]  and' 
Helsburg  and  Schnldt  [1966],  called  cat  cancellation.  The 
cancellations  which  are  peraitted  by  this  technique  are 
shown  in  Fig  3.  A siaple  rationale  for  these  cancellations 
can  be  illustrated  referring  to  Pig  3.  For  exaaple,  it  can 
be  seen  that  coaponent  G1  is  required  in  the  flight  phase  of 
objectiwe  1 (phase  14),  and  that  if  it  is  not  functioning 
through  the  end  of  that  phase,  objective  1 can  not  be 
accoapllshed.  It  can  be  reasoned  that  since  the  requlrenent 
that  G1  functions  in  phase  14  inclodes  the  reguireaent  that 
it  does  not  fail  in  phases  11  or  13,  G1  can  therefore  be 
eliainated  froa  further  consideration  in  those  earlier 
phases.  It  is  said  that  SI  first  becoaes  relevant  in  phase 
14. 

A soaewhat  sore  coaplez  situation  occurs  in  the  case 
of  the  subaarlne  (coeponent  S) , which  is  required  for  all 
three  objectives.  With  respect  to  objective  1,  S first 
becoaes  relevant  in  phase  12;  with  respect  to  objective  2, 
in  phase  22;  and  with  respect  to  objective  3,  in  phase  32. 
Cut  cancellation  is  thus  peraitted,  for  coaponent  S,  in 
phases  00,  11,  21,  and  31. 

The  resnltlag  block  diagraas,  following  cut 
cancellation,  are  shown  in  Fig.  4. 


Figure  h - PHASE  BLOCK  DIAGRAMS  AFTER  CUT  CANCELLATION 


2-  Transforiatlon  2t  &kt  OblBCtlf 


The  essence  of  the  analysis  of  phased  eission 
cellabllity  lies  in  the  technigae,  suggested  by  Bsacy  and 
Ziehas  [1975],  of  transfocaing  a systea  with  several  phases 
into  an  eguivalent,  synthetic,  single-phase  systea.  This 
procedure  aakes  it  possible  to  coapute  reliability  by 
standard  'set hods. 

In-as-auch  as  the  perforaance  of  each  coaponent  in  a 
particular  phase  is  dependent  on  the  perforaance  in  earlier 
phases,  the  transfer nation  involves  replacing  original 
coaponents  with  pseudo-coaponents  vhich  represent 
perforaance  in  each  phase  independent  of  perforaance  in  all 
other  phases. 

I shortcosing  of  this  technique  is  that  the 
transfornation  generates  a large  nuaber  of 
pseudo-coapoaeats,  vkich  nay  be  unwieldy.  Becognising  this. 
Bell  [1975]  suggested  a procedure  for  the  reduction  of 
pseudo-coaponents  ie  a aanner  vhich  retains  the  desirable 
characteristics  of  tke  transfornation. 

The  procedures  of  Bsary  and  Ziehas  [1975]  and  Bell 
[1975]  are  sodifled  for  direct  graphical  application  as 
follows: 

a.  Having  already  perforaed  cut  cancellation, 
vhich  resulted  in  the  phase  block  diagrans  of  Pig  4, 
identify  coaponents  vhich  appear  in  sore  than  one  phase.  la 
the  SLBB  systea,  they  are  PC,  S,  TP1,  TSI,  f?2,  TS2,  ?P3, 
and  VS3.  How,  as  shown  in  Pig  5,  circle  the  second  and 
subsequent  appearaaoes  of  each  of  those  coaponents.  These 
are  the  candidates  for  pseud o-conponent  eapaasion. 
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Figur*  S - CANOIOATES  FOR  PSEUDO-COMPONENT  EXPANSION 


b.  ■•plac*  Mch  of  tho  •ocirclod  coipoBoats  with 
« psoado-coapoaont  noaborod  with  the  phaao  aaabar  whara  it 
first  appaars.  For  azaapla,  raplaca  tha  blocks 


in  pbasa  12,  with  tha  blocks 


Bach  of  those  blocks  now  specif leal If  represents  a 
psaudo-coaponent  which  is  required  to  survive  only  through 
the  end  of  the  phase  with  which  it  is  nuabered. 

c.  Replace  each  of  the  circled  coaponents  with 
an  equivalent  series  arrangeaent  of  independent 
pseudof^coaponents.  Ose  lover  case  letters  plus  phase 
nuabers  to  represent  a pseudo'-coaponent  which  is  required  to 
function  only  during  one  phase.  This  step  in  the  procedure, 
referred  to  as  pseudo- cos ponent  expansion,  is  best 
illustrated  by  the  following  ezaaple:  The  block 


is  replaced  in  phase  21  by 


13 


It  should  bs  cisar  that  tha  sacias  arrangaaant  of  PC11, 
which  faactions  oaly  through  tha  and  of  phasa  11»  fc12, 
which  fnactioas  oaly  duciag  phasa  12 « and  fc21,  which 
fuactions  oaly  during  phasa  21*  is  tha  agaiwalant*  in  phasa 
2^0  to  tha  original  coaponant  PC  functioning  through  tha  and 
of  that  phasa.  It  should  also  ba  claar  that  the 
psaado-coaponants  ara  Indapandant  of  ona  anothar.  Tha 
rasalts  of  transforaing  tha  phasa  block  dlagraas  ara  shown 
in  Pig  6. 


Figure  6 - TRANSFORMED  PHASE  BLOCK  01A6RAMS 


3*  silPlificatioo 


Th«  phas*  block  diagcau  can  now  b«  connoctad  to 
each  otb«c»  In  socles,  to  create  synthetic,  egaivalent, 
singlo^pbase  systess.  Hovevec,  before  proceeding,  it  is 
deslreable  to  slsplify  the  block  dlagcass  atllizing  a 
pcocednre  properly  known  as  idespotent  esnceUaHos.  This 
can  be  done  wheceewec  a particular  block  will  appear  in 
series  with  itself.  Graphically,  the  idespotent  law  says, 
for  exasple,  that 


The  procedure  for  sisplification  is  as  follows: 

a.  deferring  to  Pig  6,  Identify  those 
pseudo-cosponents,  and  those  particular  groups  of 
psendo-cosponents,  wkich  would  be  in  series  with  thesselwes 
if  successiwe  trsnsforsed  phase  block  diagraas  were 
connected  in  series.  These  are  candidates  for 
sisplification.  In  the  SLBB  systes,  they  ace  S12,  s21,  s22, 
fCII,  fc12,  and  fc21.  lote  that  TP13,  for  ezasple,  is  not  a 
candidate  since  it  is  in  distinct  and  different  groups  of 
pseudo^coaponeats  is  phases  13  and  14. 

bm  lesowe  the  second  and  subsequent  appearances 
of  each  of  the  candidates.  The  resulting  transforsed  and 
sisplified  phase  block  diagraas  are  shown  in  Pig  7. 
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Figurt  7 - TRANSFORMED  ANO  SIMPLIFIED  PHASE  BLOCK  DIAGRAMS 


It  shOQld  be  noted  that  following  this  sinplif ication*  the 
transfocaed  phase  block  diagrass  are  no  longer, 
phase-by-pbase,  esabt  eqaivalents  of  the  original  phase 
block  diagrass.  However,  when  conbined  in  series,  as  is 
done  in  a snbsegaent  step,  the  resulting  synthetic, 
single-phase  systess  ace  egnivalent  to  the  original 
Bulti-phase  systess. 

C.  RBLIABILITT  OP  PSBODO-COBPOIBITS 


, The  first  goal  ior  this  SLBH  exasple,  as  stated  earlier, 
is  to  detersine  the  reliability  of  the  systea  with  respect 
to  each  particular  objectives  that  is,  the  probability  that 
each  target  is  destroyed.  In  order  to  proceed,  it  is  first 
necessary  to  discuss  the  reliability  of  the 
pseudo-cosponents. 

1.  Cb^ditionnl  Qosponent  Phi^f  Beliabilitv 

\ 

N 

lepresentaidL^by  either  upper  case  or  lover  case 
letters,  the  two  different  types  of  pseud o-conponents  have 
reliabilities  which  are  of  different  and  distinct  natures. 
Por  the  pseudo-con poeieBts  represented  by  lower  case  letters, 
the  reliability  is  tb[e  probability  that  the  pseudo-con ponent 
will  foBction  only  teriaf  the  particular  phase  indicated. 
Thought  of  another  way,  it  is  the  eonditioanl  probability 
that  the  original  conponent  will  function  during  that 
particular  phase#  given  that  it  was  functioning  at  the  start 
of  that  phase,  llhis  conditional  probability  is  referred  to 
as  conditional  conponmnt  phase  reliability. 


2.  QpcQBdit4.oaal)  CopP9ttttt^  BBllabillty 


Tb«  reliabiliLty  of  the  psoodo^coapononts  capraaanted 
by  appar  casa  lattars  is  tha  probability  that  tha 
psaudo-coaponant  aorvitas  throayh  tha  and  of  tha  pactlcalar 
phaaa  indicatad*  Thla  ia  tha  aqaivalant  of  tha 
nnconditional  probability  that  tha  original  conponant 
anrTivaa  through  tha  and  of  tha  flrat  phaaa  in  ahich  it  ia 
ralaaant.  Thia  unconditional  probability  ia  rafarrad  to  as 
•aeoaditloaal  ooapoamt  raliablllty.  It  aight  ba  notad  that 
tha  availability  of  aach  coaponant  at  tha  coaaancaaant  of 
activa  oparationa  ia  inclndad  in  tha  unconditional  coaponant 
ral lability. 

Hypothatical  valnaa  for  tha  raliability  of  aach  of 


tha  paa ado* coupon an ta  ara  ahovn  in  Fig  8 naxt  to  aach 
raapactiva  block. 


(.tw)  I (.tSO) 


PSEUDO-COMPONENT  RELIABILITIES 


D.  OBJECTIVE  BBLIABILITI 


Th«  cellability  of  the  SLBH  systea  with  respect  to  each 
objective  can  be  deteralned  by  vorking  with  the  tcansforaed 
and  siaplified  phase  block  diagraas  of  Pig  8.  The 
procedure  consists  of  tvo  parts:  the  first  is  constroction 
of  the  synthetic,  egnivalent,  single-phase  block  diagraa  of 
pseado-coaponents  for  each  objective;  the  second  part  is 
evaluation  of  the  objective  reliability  using  the  block 
diagraa  and  given  values  for  pseudo-coaponent  reliabilities. 


1*  £42£k  Piagruig 


The  procedure  for  constructing  the  objective  block 
diagraas  is  actually  a continuation  of  the  transfer nation 
process,  and  consists  of  the  following  steps: 

a.  Identify  the  sections  of  the  phase  seguence 
diagraa  which  are  relevant  to  each  objective.  This  step  is 
illustrated  in  Pig  9,  the  shaded  portions  of  the  phase 
seguence  diagraas  representing  the  relevant  phases. 

b.  Connect,  in  series,  the  transforned  phase 
block  diagraas  of  all  of  the  identified  phases  to  fora  the 
objective  block  diagraa.  Por  ezaaple,  the  block  diagraa  of 
objective  2 is  shown  in  Pig.  10. 


I 
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Figure  9 ^ RELEVANT  PHASES 
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2.  Qb!fctif  fitliftbUUX 


Dae  to  the  presence  of  soee  pseudo-coeponents  eore 
thaf;  once  (for  exaeple*  VP23  and  ?S23  in  Fig  10)  , the 
objective  block  diegrans  can  not  siaply  be  treated  as  a 
aeries  of  independent  aodales*  which  would  have  aade 
nuaerical  evaluation  straight-forward,  ka  an  alternative, 
it  is  possible  to  eaploy  a well-known  graphical  technique  of 
structural  reliability,  which  is  based  on  a procedure  called 
pivotal  decoapositioa  (see,  for  exasple,  Barlow  and  Proschan 
(1975)). 

This  techniqwe  is  best  illustrated  by  ezaaple,  and 
consists  of  the  following  steps: 

a.  Pull  all  of  the  independent  blocks  to  the 
front  of  the  block  diagras.  In  Pig  10,  these  are  COO 
through  B22,  BP23,  and  624  through  H25.  This  leaves  the 
dependent  sections,  vhich  in  the  case  of  objective  2 are 


b.  Pivot  on  one  of  the  pseudo-coaponents  which 
cause  the  dependence,  say  VP23.  To  accoaplish  this,  split 
the  block  diagraa  into  two  branches  by  considering  the  block 
diagrans  which  result  if 


(1)  VP23  always  functions 


(2)  yp23  always  falls: 


c.  Sines  dapsndencs  still  rssains  in  tbs  ''?P23 
always  functions"  branch,  piwot  again,  this  tins  on  7S23. 
Split  ths  "TP23  always  functions"  branch  into  two  branchss 
by  considsring  the  block  diagrass  which  result  if,  in 
addition  to  fP23  always  functioning 

(1)  VS23  always  functions: 
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(2)  fS23  alvay*  falls 


Slacs  all  branckas  bow  coatain  ladapandent  aodulas,  no  aora 
plaotiaq  is  raqoirad.  Tha  rasolt  of  ^ thasa  staps  is 
illastcatad  la  , Fig  11.  is  shown  in  tha  figara,  jast  bayond 
aach  piwot  point  and  jast  balow  tha  branch  linas,  labal  aach 
branch  by  a dascriptioa  of  tha  awant  along  that  branch » such 
as  ''fP23  foBctioas." 


waaOII 

an 


d.  Abor«  MCh  branch  lin««  in  pnrnntbnsnn#  write 
the  probability  of  tlie  occaraace  of  the  ewent  along  that 
branch.  For  exaaple^  the  probability  that  YP23  fanctions  is 
jnat  its  reliability^:  and  the  probability  that  it  fails  is 
one  aiaas  the  reliability. 

a«  Above  each  pseudo-coaponent  block*  write  the 
probability  of  that  block  functioning  (the  reliability  of 
the  pseudo-coaponent)  • 

f.  The  blocks  in  Pig  11  can  be  reduced  into 
nodules  to  sisplify  subsequent  calculations.  This  is  shown 
in  Pig  12*  where  aodales  are  indicated  by  dotted  lines*  and 
the  reliability  of  each  nodule  is  indicated  in  parentheses. 

g.  Bultiply  all  of  the  probabilities 
(reliabilities)  leading  to  the  end  of  each  branch*  and  write, 
down  the  product.  This  is  Illustrated  in  Pig  12  by  the  i 
nunbers  is  brackets. 

I 

h.  The  reliability  of  objective  2*  denoted  by  , 
■2*  can  aov  te  written  down  by  sussing  the  probabilities  of 
all  of  the  branches.  Thus 


Siailarly*  the  reliabilities  of  object! was  1 and  3 can  be  * 
obtained.  Tbe  results  nres 

■1  • .606 

■3  - .505 

1 
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B.  HISSIOI  SOCCBSS 


Having  datarninad  tha  rallablllty  or  probability  of 
accoaplishiag  aach  objactiva,  tha  final  goal  is  to  analyza 
tha  ovarall  succaan  of  tha  total  aisaion.  Thia  aspact  of 
tha  analysis  nay  ba  achiavad  by  ansvering  the  following 
qnastions: 

(1)  (that  is  tha  probability  that  any  particular 
anabar  of  objactivas  ara  acconplishad  on  a aission7 

(2)  lhat  is  tha  ezpactad  or  avaraga  nnabai:  of 

r t ' 

objactivas  that  will  ba  acconplishad  par  nission?  ' 

I 

aisctMttl  aiigUh  ftaissns 

To  begin  nqsvaring  thasa  guastions,  first  tha 
possibla  snccassfnl  outconas  of  a nission  nust  ba 
oonsidarad.  Tha  acconplishad  objactivas  could  ba: 

ob.jactiva  1 a Iona  ' 

ob<)activa  2 alona 

objactiva  3 alona 

objactivas  1 and  2 

objactivas  1 and  3 

objactivas  2 and  3 

objactivas  1,  2«  and  3 

Tha  probability  of  accoaplishaantf  or  raliabilitj  of 
aneb  objactiva  alona'  baa  alraady  baaa  datacninad.  Pollowiag 
tba  aaaa  pcoeadaras  chicb  prodnead  i1«  R2,  and  I3»  tha  jolat 
objaatiaa  raiiabilitiaa  can  ba  found,  it  should  ba  notad 
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that  in  Mt  tteocj  taralnology,  the  joint  object ivaa  aca 
the  intaraactioBS  of  tha  avants  which  ara  single  objactiwas. 
Datarnining  joint  objactiwa  reliabilities  consists  of  tha 
following  steps: 

a.  Construct  tha  joint  objective  block  diagran 
by  connecting^  in  series,  tha  transforsad  and  sisplifiad 
phase  block  diagrass  of  tha  relevant  phases,  which  in  tha 
case  of  joint  objective  1 and  2,  for  azaspla,  are  indicated 
by  shading  in  the  phase  sequence  diagran  as  follows: 


b.  Bvalnate  the  joint  objective  reliability 
which  is  denoted  in  the  case  of  joint  objective  1 and  2,  for 
exasple,  as  B12. 

The  possible  successful  outcones  and  the 
corresponding  phase  sequence  diagrans  are  sunsarisad  in 
Pig  13.  h convenient  tool  fron  set  theory,  the  fenn 
diagran,  is  also  shown  for  each  outcose.  The  nnnerical 
values  for  objective  and  joint  objective  reliabilities  in 
this  exasple  are  also  shown. 


2.  BiliiSB  Sttfigng  tolgjg 

The  probability  that  any  particular  nuaber  of 
objactivas  ara  accoapliahad  on  a aission  can  ba  writtan  down 
diractly  with  tha  aid  of  tha  corresponding  Venn  diagraas. 
These  guantitias,  which  correspond  to  varying  levels  of 
aission  success,  ara  tabulated  in  Pig  14.  it  is  noted  that 
in  a aora  general  application,  where  Venn  diagraas  sight  not 
Apply#  other  straight*-forward  approaches  aay  be  used  (see 
Bell  [1975],  for  exaaple) . 


Niiabtr  of  Probability 

Objtctivos  - 


Figure  14  - MISSION  SUCCESS  LEVELS 


3.  SBfiSSSS 


Osing  the  probability  of  each  Mission  success  level, 
the  average  or  expected  nunber  of  successes  per  aission  can 
be  deternined  by  weighing  each  nunber  by  its  probability  of 
occucance  and  then  adding.  This  is  illustrated  in  the 
following  result: 

Expected  nunber 

of  objectives 

accoaplished  » (0)  (.250)  * (1)(.145) 

♦ (2)  (.296)  ♦ (3)  (.309) 

* 

Alternative  Measures  of  aission  success  could  be 
exaained  in  a siailar  aanner.  Particularly,  objectives 
could  be  weighted  as  to  iaportance,  and  specific 
conbinations  of  accoaplished  objectives  could  be  considered. 
Bell  [1975],  for  exaaple,  suggested  an  approach  which  could 
be  used  in  the  case  of  a coaplex  aission  success  criteria. 
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